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RELEASE NO: 64-228 

N A S A  TO LAUNCH 

SEVENTH SATURN I 

I N  APOLLO TEST 

The National Aeronautics and Space Aciiriiili strai;ic,n w i l l  

launch t h e  seventh Sa tu rn  I veh ic l e  from Cape Kennedy, F l a .  no 

e a r l i e r  than  Sep t .  17. The veh ic l e  i s  known a s  SA-7. 

The Sa turn  v e h i c l e  has minor changes but  t h e  s p a c e c r a f t  and 

f l i g h t  p l an  are  s imilar  to t h e  SA-6, which was launched success-  

f u l l y  May 28, 1964. 
+ -  

" B o i l e r p l a t e "  ve r s ions  of t h e  Apollo s p a c e c r a f t  cornpiand 

and s e r v i c e  modules a t t ached  t o  t h e  Saturn second stage 2nd i n s t r u -  

ment u n i t  ( v e h i c l e  guidance system), w i l l  be laiiiiched inLo a low 

E a r t h  orbit of about t h r e e  d a y s  du ra t ion .  

Objec t ives  of t h e  f l i g h t  a r e  t o  f u r t h e r  t e s t  the propuls ion ,  

s t r u c t u r a l ,  guidance and f l i g h t  c o n t r o l  systems of t h e  two-stage 

Sa turn  I v e h i c l e ;  f u r t h e r  t e s t  t h e  s t r u c t u r e  and des ign  of the  

Apollo s p a c e c r a f t  duririg f l i g h t  tllrougl-1 tlle atmosphere; dexons t r a t e  

phys ica l  c o m p a t i b i l i t y  of launch v e h i c l e  and s p a c e c r a f t  a n d  t e s t  

j e t t i s o n i n g  of t he  s p a c e c r a f t  launch escape system. 

-more - 
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The Plan  c a l l s  for t h e  36,700-pound payload t o  be 

placed i n  a n E a r t h  o r b i t  w i t h  a pe r igee  of 115 s t a t u t e  miles ,  an  

apogee of 135 s t a t u t e  miles and a per iod  of 88.4 minutes .  T h i s  

o r b i t  c l o s e l y  approximates t he  "parking" o r b i t  for l a t e r  manned 

l u n a r  exp lo ra t ion  missions.  

Three N A S A  c e n t e r s  are  involved i n  t h i s  f l i g h t :  Marshall 

Space F l i g h t  Center ,  H u n t s v i l l e ,  A l a . ,  v e h i c l e  developer;  Manned 

Spacecraft  Center ,  Houston, s p a c e c r a f t  deve loper ;  and Kennedy 

Space Center, Cocoa Beach, F l a . ,  launching o rgan iza t ion .  A l l  

work i s  under the d i r e c t i o n  of t he  Assoc ia te  Adminis t ra tor  f o r  

Manned Space F l i g h t  a t  NASA Headquarters. 

be a s s i s t ed  i n  t h i s  f l i g h t  by Chrys l e r  Corp., D e t r o i t ;  Douglas 

A i r c r a f t  Co.,  Santa Monica, Cal i f . ;  and North American Aviat ion,  

Inc . ,  Downey, Ca l i f . ;  p r i n c i p a l  c o n t r a c t o r s  f o r  t he  Sa turn  I f i r s t  

and second stages and the Apollo s p a c e c r a f t ,  r e s p e c t i v e l y .  

The t h r e e  c e n t e r s  w i l l  

The previous s i x  Sa turn  I f l i g h t s  have been success fu l .  

Following SA-7, there  remain three f l i g h t s  i n  t h i s  ser ies ,  ending 

i n  mid-1965. 

meteoroid d e t e c t i o n  s a t e l l i t e s  ( c a l l e d  Pegasus) fo lded  w i t h i n  a 

s p e c i a l l y  adapted Apollo s e r v i c e  module. Once i n  o r b i t ,  t h e  pay- 

load w i l l  b e  deployed t o  form a wing about 100 f e e t  long and 1 4  f e e t  

w i d e ,  sweeping space t o  gather  evidence of meteoric  p a r t f c l e s  which 

pose some degree of hazard t o  manned s p a c e c r a f t .  

A l l  three remaining v e h i c l e s  w i l l  c a r r y  large 
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BACKGROUND INFORMATION 

Vehicle Changes 

Several  r e l a t i v e l y  minor changes i n  t h e  Sa tu rn  v e h i c l e  f o r  

t h i s  launch are: 

1. The ST-124 guidance system pla t form w i l l  be i n  complete 

c o n t r o l  of t h e  v e h i c l e  f o r  t h e  f i r s t  t i m e .  The ST-124 w i l l  

determine the  s t e e r i n g  commands r equ i r ed  t o  achieve  o r b i t a l  

i n s e r t i o n ,  It was used on t h e  SA-6 v e h i c l e  only dur ing  second 

s t a g e  bu r n  . 

2.  Vehicle performance i s  improved by a change i n  t h e  boos te r  

(S-1)  cu tof f  system which l eaves  less  p r o p e l l a n t  i n  tanks  and 

plumbing fol lowing c u t o f f .  Liquid l e v e l  s enso r s  are  l o c a t e d  n e a r  

t h e  bottom of f o u r  o u t e r  tanks--two l i q u i d  oxygen ( L O X )  and two 

f u e l .  When t h e  p r o p e l l a n t  l e v e l  lowers  t o  any one of these senso r s  

or probes,  t he  cu to f f  sequence i s  i n i t i a t e d  by the guidance computer. 

Two seconds l a t e r  the f o u r  inboard engines  are  c u t  o f f .  When t h e  

LOX pressure t o  any one of t h e  remaining f o u r  engines  drops below 

t h e  pEsent l e v e l ,  a s-ignal- is g 4 V e n  by a p r e s s u r e  switch whLch 

c u t s  o f f  the f o u r  remaining engines  s imultaneously.  T h i s  c u t o f f  

should come about s i x  seconds fo l lowing  inboard engine shutdown. 

T h i s  i s  called"L0X s t a r v a t i o n "  c u t o f f .  On the SA-7 v e h i c l e ,  t h e  

f o u r  l l q u i d  l e v e l  s enso r s  referred t o  e a r l i e r  have been  p laced  lower 

i n  t h e  t a n k s ,  a l lowing a more complete p r o p e l l a n t  consumption. 

About 8,500 pounds of p r o p e l l a n t  i s  expected t o  remain i n  t he  tank  

S ~ J ~ P S  and p rope l l an t  l i n e s  a t  c u t o f f ,  compared t o  about 14,000 -more 
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pounds on SA-6. The per iod  between inboard and outboard engine 

c u t o f f  was f i x e d  a t  s i x  s e c m d s  by an automatic  timer on SA-6 

without  c o n s i d e r a t i o n  of t h e  amount of LOX remaining i n  the 

system. 

3 .  Changes have been made t o  the second stage ( S - N )  pro- 

p e l l a n t  ven t ing  system which w i l l  reduce t h e  pay load ' s  s p i n  and 

tumble  rate i n  o r b i t .  Prev ious ly ,  l i q u i d  hydrogen and l i q u i d  

oxygen r e s i d u a l s  have vaporized during o r b i t  and escaped through 

a s i n g l e  v e n t  i n  each system. I n  t h e  vacuum of space,  t h i s  ven t ing  

has had a minor p ropu l s ive  e f f e c t .  It induced i n - o r b i t  roll rates 

which would be d e t r i m e n t a l  t o  the  l a rge -  wingspan meteoroid sa te l l i t es  

which are t o  f l y  l a t e r  on Sa tu rn  I. So non-propulsive vent ing  

systems have been devised.  LOX and l i q u i d  hydrogen (LH2) w i l l  

each have two ven t s ,  l oca t ed  180 degrees apar t ,  which should 

e l i m i n a t e  these unwanted motions. 

4. The e ight  H - 1  engines  i n  t h e  b o o s t e r  u s e  f o r  t h e  f irst  

t i m e  an  improved gear box, known as t h e  Mark I11 H, and improved 

l i q u i d  oxygen domes. 

5. On the two previous  S - I V  f l i g h t s ,  e x t r a  h e l i u m  was carried 

as a backup t o  t h e  h e l i u m  heater system which provides  the gas used t o  

p r e s s u r i z e  t h e  LOX tank .  The he l ium heater has worked s a t i s f a c t o r i l y ;  

t h e r e f o r e  a backup system c o n s i s t i n g  of e x t r a  storage b o t t l e s  

weighing 1,000 pounds has been e l imina ted .  

-more- 
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Flight Sequence--At ignition, the 190-foot tall vehicle will 

weigh, 1,140,000 pounds. 

release the rocket after assurance is given that all engines are 

operating properly. Liftoff usually takes place about three seconds 

after ignition. 

are consumed, giving the vehicle a liftoff weight of 1,126,000 pounds, 

Hold-down arms at the launch pedestal will 

During this period some 14,000 pounds of propellant 

SA-7 will be launched on an azimuth of 90 degrees. After 

11 seconds of flight, it will begin to roll into its flight azimuth 

of lo5  degrees at a rate of m e  degree peF second. 

thereafter, the vehicle tilt program begins. The ST-124 stabilized 

platform controls the r o l l  and tilt programs simultaneously. On 

SA-5 and 6, these functions were performed by the ST-90 platform 
in sequence. 

Shor t ly  

After liftoff the following significant steps occur: 

T+11 seconds--initiate r o l l  

T+12 seconds--initiate tilt 

T+25 seconds--terminate role 

T+70--vehicle passes through region of maximum dynamic 

pressure (Altitude, 2.7 miles; range, 7.8 miles). 
T+lO?--S-IV engine hydrogen prestart flow begins. 

T+134--S-I propellant level switches (which will sense a low 

level of propellant, initiate the LOX prestart flow in the S-IV 

stage and S-I inboard/cut off  engine) are armed. 

T+136--Tilt program is arrested, with vehicle at 67 degree 

angle from launch vertical. 

-more- 
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T+l41--Inboard engine c u t o f f .  

T+147 t o  149--In succession,  S-I  outboard engines  c u t o f f ,  

S - I V  u l l a g e  rocke t s  f i r e ,  boos t e r  s e p a r a t e s  followed by S-I  r e t r o  

rocke t s  f i r i n g ,  S - IV  engines  i g n i t e  ( A l t i t u d e ,  45 miles; range 

57 m i l e s . )  

T+16O--Jettison S - I V  u l l a g e  rocke t  ca s ings  and Apollo launch 

escape system tower. 

T+165--Ini t ia te  path-adapt ive guidance. 

T+172--Eject camera capsules  from boos te r .  

T+620--End powered f l i g h t  by guidance sys t em- in i t i a t ed  c u t o f f ,  

followed by i n s e r t i o n  i n t o  o r b i t .  

The o r b i t a l  i n s e r t i o n  po in t  w i l l  be about  1,300 s t a tu t e  mi l e s  

downrange from t h e  launch s i t e  a t  115 miles a l t i t u d e .  The v e h i c l e  

w i l l  be t r a v e l i n g  a t  some 16,500 miles p e r  hour. 

- The Satellite--The p o r t i o n  of the v e h i c l e  t o  be o r b i t e d  i s  

80 f e e t  long, c o n s i s t i n g  of the Apollo command and s e r v i c e  modules, 

instrument  u n i t  and S-IV stage. There w i l l  be no s e p a r a t i o n  of 

t h e s e  u n i t s  and no attempt a t  recovery.  Prel iminary weights  of 

t h e s e  u n i t s  a r e  a s  fol lows,  a l though they  are sub jec t  t o  s l i g h t  

change : 

-more- 
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Payload (command 
module, s e r v i c e  module, 
i n se r t / adap te r ,  ballast)-------------- 17,200 

I n  a d d i t i o n  there w i l l  be about 2,000 pounds of p r o p e l l a n t  

l e f t  i n  t h e  S - I V  s t age .  T h i s  r e s i d u a l  f u e l  w i l l  g r a d u a l l y  

evapora te .  

The o r b i t  i s  expected t o  have a perigee of 115 s t a t u t e  miles, 

a n  apogee of 135 s t a t u t e  miles and a per iod  of 88.4 minutes.  

Re-entry i s  expected a t  the end of the t h i r d  day, as d i d  the SA-6 

payload. 

A min i t rack  t r a n s m i t t e r  in the instrument  u n i t  w i l l  be 

ope ra t ing  on a frequency of 136.995 m.c. 

which should a s s u r e  ope ra t ion  f o r  the l ifetime of the s a t e l l i t e .  

S u f f i c i e n t  ba t t e ry  power i s  a v a i l a b l e  t o  ope ra t e  the v e h i c l e  and 

Apollo telemetry and t r a c k i n g  s y s t e m s  through one o r b i t .  

The system has one b a t t e r y  

Tracking Network--SA-7 t r a c k i n g  and data a c q u i s i t i o n  f a c i l i t i e s  

i nc lude  parts of the Manned Space F l i g h t  Network and the STADAN 

( S a t e l l i t e  Tracking and Data Acquis i t ion  Network), supported by the 

SA0 (Smithsonian Ast rophys ica l  Observatory) Network and s t a t i o n s  of 

t h e  Department of Defense i n  the  U.S. and the A t l a n t i c  and P a c i f i c  

Oceans. -more- 
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The SA0 network w i l l  u s e  Baker-Nunn cameras. Manned space 

f l i g h t  network s t a t i o n s  w i l l  r ecord  t e l eme t ry  f o r  one o r b i t  and 

"sk in- t rack"  w i t h  C-band and S-band radar. The precount ,  countdown 

and first two o r b i t s  w i l l  be t r e a t e d  i n  a manner similar t o  manned 

missions with the network under  the c o n t r o l  of Goddard Space F l i g h t  

Center.  

Radar da ta  w i l l  be t r ansmi t t ed  i n s t a n t l y  t o  Goddard. Standard 

s t a t i o n - t o - s t a t i o n  voice  communications network w i l l  be used. 

Telemetry--SA-7 w i l l  t r ansmi t  t o  ground s t a t i o n s  about  1 ,378 

measurements, as fol lows:  S-I stage, 661; S- Iv  397; instrument  

u n i t ,  187; and Apol lo  spacec ra f t ,  133. This i s  about  70 more than  

SA-6, and i s  the largest number taken from a U.S. space v e h i c l e .  

I n  a d d i t i o n  t o  f l i g h t  measurements, more than  200 "blockhouse measure- 

ments' ' are t o  be rece ived  i n  the launch c o n t r o l  c e n t e r  dur ing  count- 

down. 

The rocket  has 13 f l i g h t  telemetry systems: s i x  on the S- I ,  

t h r e e  on the S - I V  and f o u r  i n  the instrument  u n i t .  The s p a c e c r a f t  

has t h r e e .  

The te lemet ry  systems t r ansmi t  such measurements as engine 

t u r b i n e  temperature and p r o p e l l a n t  pump rpm; p o s i t i o n s  of va lves ,  

temperature  of engine bear ings ,  heat exchanger o u t l e t s ,  s t r u c t u r e ,  

t u r b i n e  exhaust and n i t rogen  p r e s s u r i z a t i o n  tanks  .and. payload; 

p r e s s u r e s  i n  combustion chambers, p r o p e l l a n t  tanks  and payload; 

s t r a i n  and v i b r a t i o n  throughout the  veh ic l e ;  v e h i c l e  p o s i t i o n ;  

v e l o c i t y ;  motion of c o n t r o l  a c t u a t o r s ;  p r o p e l l a n t  l e v e l ;  b a t t e r y  

v o l t a g e s  and cu r ren t s ;  i n v e r t e r  f requency,  e t c .  

-more- 



-9- 

Opt ica l  Systems-The SA-7 boos te r  w i l l  c a r r y  e ight  motion 

p i c t u r e  cameras and one t e l e v i s i o n  camera. These cameras w i l l  view 

the i n t e r i o r s  of two oxygen t anks ,  S-IV s t a g e  sepa ra t ion ,  r e t r o -  

rocke t  f i r i n g  and S-IV stage u l lage  rocket  and propuls ion system 

opera t ion .  All motion p i c t u r e  cameras are i n  capsules  which are 

mounted a t  the t o p  of t h e  S-I  and s l a n t e d  outward for e j e c t i o n .  

A l l  w i l l  c a r r y  c o l o r  f i l m  except the  one viewing the i n t e r i o r  of 

the c e n t e r  LOX tank.  Three outside-view cameras w i l l  ope ra t e  from 

about  40 seconds before  u n t i l  about 20 seconds a f te r  S-I /S- IV 

sepa ra t ion .  A f o u r t h  outside-view camera w i l l  s tart  a t  the  same 

t i m e  but cont inue t o  opera te ,  battery-powered, af ter  e j e c t i o n  and 

u n t i l  t he  camem capsule  s t r i k e s  the ocean, about 530 miles down- 

range. 

The two cameras viewing LOX tank i n t e r i o r s  w i l l  start 25 

seconds before  sepa ra t ion .  One, running 24 frames pe r  second w i l l  

run out  of f i l m  s h o r t l y  before  sepa ra t ion .  The second w i l l  run a t  

12 frames per  second u n t i l  separa t ion .  The o t h e r  two cameras w i l l  

run for 25 seconds, u n t i l  separa t ion ,  a t  64 frames per second. 

-more- 
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This  i s  t h e  t h i r d  time such an  e l a b o r a t e  system has been 

c a r r i e d  on a launch v e h i c l e .  The technique  i s  used  t o  g a t h e r  a l l  

p o s s i b l e  information from each launch i n  view of t h e  few R & D 

f i r i n g s  scheduled. 

s e v e r a l  c r i t i c a l  areas of t h e  rocke t ,  e s p e c i a l l y  i n  t h e  s e p a r a t i o n  

of t h e  S- I  and S-IV s t a g e s  and i n  the i g n i t i o n  of S-IV engines .  

Camera,s provide a v i s u a l  record  of e v e n t s  i n  

The t e l e v i s i o n  camera w i l l  provide in s t an taneous  v i s u a l  

in format ion  on the f u n c t i o n i n g  of s e l e c t e d  items, from l i f t o f f  

u n t i l  S-I  impact, and a permanent v i s u a l  record  f o r  f u t u r e  s tudy  

and a n a l y s i s .  The TV camera w i l l  no t  be e j e c t e d .  Images w i l l  

be recorded on video t a p e  a t  t h e  ground monitor ing s t a t i o n .  

APOLLO SPACECRAFT 

The SA-7 v e h i c l e  w i l l  c a r r y  a " b o i l e r p l a t e "  model of t h e  

Apollo command and s e r v i c e  modules, p l u s  the i n s e r t / a d a p t e r  which 

i s  loca ted  beneath the s e r v i c e  module. The t o t a l  Apollo weight i n  

o r b i t  w i l l  be  about 17,230 pounds, of which more than  2,800 pounds 

w i l l  be lead bal las t .  P r i n c i p a l  c o n t r a c t o r  f o r  t h e  command and 

s e r v i c e  modules i s  North American A v i a t i o n ' s  Space and Information 

Systems Divis ion,  Downey, Cal i f .  

The launch escape subsystem, t o  be j e t t i s o n e d  dur ing  S-IV 

powered f l i g h t ,  weighs about th ree  t o n s .  

-more - 



The launch escape subsystem, f c r  t h i s  TissLcn c o n s i s t s  of 

t h r e e  l i v e  motors (p i t ch -con t ro l ,  launch-escape ana t o w e r - j e t t j s o n ) ,  

nozz le  s k i r t ,  spacec ra f t  escape tower with s e p a r a t i o n  nechanistn, 

and necessary  ins t rumenta t ion  senso r s  and wiring. 

t h e  nose i s  a "Q-ball," a dynamic p res su re  sensor  used to measure 

t h e  ang le  of t he  v e h i c l e  i n  f l ig i i t .  T h e  launckl escape and p i t c h  

c o n t r o l  motors are produced by Lockheed Propuls ion Co., Redlands, 

Cal i f .  

Mounted w i t h i n  

P i t c h  Control  Motor--The p i t c h  c o n t r o l  motor i s  a s o l i d -  

p r o p e l l a n t  motor provid ing  2,800 pounds of t h r u s t  f o r  $ second. 

It i s  n i n e  inches  i n  diameter, 22 inches long ,  and weighs about  

50 pounds. 

Tower J e t t i s o n  Motor--The tower j e t t i s o n  , n c t r , r  1s a 3 o l i c i  

No p r o p e l l a n t  motor 20 inches  i n  diameter and 47 i nches  long.  

i g n i t e r s  w i l l  be i n s t a l l e d  for t h i s  mission.  

Launch Escape Motor--The launch escape motor i s  a s o l i d - f u e l  

motor 26 inches  i n  diameter, 185 inches  long and weighs more t h a n  

4,700 pounds. 

j e t  blast  on the  comnand module. 

an  approximate burning t i m e  of e i g h t  seconds.  

Four  f i x e d  exhaust nozz le s  are  canted to minimize 

Thrust  i s  155,600 pouncis w i t h  

-more - 
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Tower St ruc tu re  - The tower s t r u c t u r e  i s  composed of welded 

t u b l a r  t i t a n i u m  a l l o y  wi th  a t runca ted  r e c t a n g u l a r  c r o s s - s e c t i o n .  

It i s  130 inches long with a base 46 by 50 i nches .  The i;ower 

forms t h e  intermediate strm ct,ure between t h e  command ; n o d ~ ; l e  and 

escape motor. A s t r u c k u r a l  s k i r t  i s  used to a t t a c h  the escape 

motor t o  t h e  tower whi.dh w i l l  be covered w i t h  a n  a b l a t i v e  mater ia l .  

Toweli  Sepaiwtion Subsystem - The launcn escape tower separa- 

t i o n  sui,s>stem 2:onsists of explos ive  b o l t s  i n  each of f o u r  

tower l e g s .  Ln a d d i t i o n  to t h e  convent iona l  i r i t e rna i  exp los ive  

charge,  a n  independent l i n e a r  shaped charge i s  provided a t  a 

f l a t t e n e d  s e c t i o n  on each b o l t .  Each charge i s  t r i g g e r e d  by  

a spearate i n i t i a t o r .  

Command Module - The B o i l e r p l a t e  15 command E o d u l e  til %e 

u s e d  it1 the SA-7 mission s imula tes  t h e  s i z e ,  weip , t i+ ; ,  siir l c t ~ r ~ e  

and c e n t e r  of '  gravity of t n e  spacec ra f t  which w i l l  b e  used on 

manned missions a t  a l a t e r  date.  It i s  an aluminum s t r u c t u r e  

covered w i t h  cork i n s u l a t i o n  mater ia l  t o  p r o t e c t  the s t r u c t u r e  

from overheat ing.  

C r e w  Cornpartment - The b o i l e r p l a t e  compartment u s e s  frame 

s t i f f e n e r s  of t h e  e x t e r i o r  s h e l l  s t r u c t u r e  to a t t a c h  mountings 

for inst ruments ,  e l e c t r i c a l  power system and ba l l a s t  r equ i r ed  

t o  m a i n t a i n  proper  weight and c e n t e r  of g r a v i t y .  

a r e  a main hatch (aluminum a l l o y  s t r u c t u r e )  bo l t ed  t o  t h e  command 

module s t r u c t u r e  for a c c e s s  to t he  compartment shell, and a f o r -  

ward  a c c e s s  way ( t u b u l a r  s t r u c t u r e  of aluminum) welded t o  the 

f'orwara b u l k h e a d .  T h i s  a c c e s s  i s  provided w i t h  a bol ted-on cover .  

Also included 

-nore- 
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A f t  Heat Shield - The b o i l e r p l a t e  heat shield i s  similar i n  shape 

t o  the o p e r a t i o n a l  heat shield.  It i s  composed o f  an  i n n e r  and 

o u t e r  layer of laminated glass over an aluminum honeycomb core  and 

a t t a c h e d  t o  the command module by four struts. 

Forward Compartment Cover - On the SA-7 mission,  t h i s  i s  a 

sheet metal f a b r i c a t e d  cover  and fiberglass honeycomb radome assem- 

b led  toge the r .  The assembly is bo l t ed  t o  t h e  command module. 

Cormmica t ions  and Instrumentat ion Subsystems - 133 measure- 

ments w i l l  be te lemetered t o  gound s t a t i o n s  from the spacec ra f t .  

Environmental  Cont ro l  Subsystem - The s p a c e c r a f t  cool ing  sys- 

t e m  provides  a i r  i n  a cont inuous flow t o  maintain command module 

i n s i d e  temperature  a t  80 degrees F., p l u s  o r  minus 10 degrees.  

system c o n s i s t s  o f  a s to rage  tank, pump, cold p l a t e s ,  heat  exchan- 

ger, f an  thermal c o n t r o l  valves ,  and quick d isconnec t  va lves ,  Power 

i s  supp l i ed  by the e l e c t r i c a l  power subsystem. 

The 

E l e c t r i c a l  Power Subsystem - The s p a c e c r a f t  e l e c t r i c a l  power 

subsystem c o n s i s t s  of  two ins t rumenta t ion  b a t t e r i e s ,  two pyro- 

batteries,  two l o g i c  batteries, a power c o n t r o l  box, and a junc t ion  

box. The ins t rumenta t ion  b a t t e r i e s  are 120 ampere/hour units and 

t h e  p y r o - b a t t e r i e s  are f i v e  ampere/hour u n i t s .  

-more - 
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Service Module Plus  I n s e r t  - The b o i l e r p l a t e  s e r v i c e  module 

i s  a c y l i n d r i c a l  aluminum s t r u c t u r e  154 inches  i n  diameter  and 141 

inches  long. An e x t e r i o r  n o n s t r u c t u r a l  f a i r i n g ,  about  11 inches  

long, between t h e  command module and the s e r v i c e  module houses a 

s e p a r a t i o n  mechanism, support  s t r u c t u r e  for d i s t r i b u t i o n  of b a s i c  

loads imposed by the  command module on the s e r v i c e  module and f ixed  

umbi l i ca l  connections between t h e  two modules. The l eng th  of t he  

s e r v i c e  module, inc luding  the  f a i r i n g ,  i s  152 inches.  The l e n t h  

of the  b o i l e r p l a t e  s e r v i c e  module i s  extended t o  s imula te  airframe 

conf igu ra t ion  by an aluminum i n s e r t ,  52 inches  long, which i s  

a t t ached  t o  t h e  s p a c e c r a f t  adapter .  The t o t a l  l eng th  o f  t h e  s e r v i c e  

module, the command module/service module f a i r i n g s  and the  i n s e r t  i s  

204 inches.  

Spacecraf t  Adapter - The s p a c e c r a f t  adapter i s  a c y l i n d r i c a l  

aluminum s t r u c t u r e  a t t ached  t o  the instrument  u n i t  with b o l t s .  The 

adapter i s  154 inches i n  diameter and 92 inches  long. 

t h e  measurement sensors  and wir ing connect ing the s p a c e c r a f t  and 

r o c k e t .  

Within i t  are 
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VEHICLE DESCRIPTION A N D  BACKGROUND 

L l l n c n t s  o f  t he  SA-7 a r e  the S - I  f i r s t  s t age ,  S - I V  sccQnd 

s t a r e ,  311 inz t rwnent  un i t  and a b o i l e r p l a t e  Apollo spacezrzi ' t .  'Tiw 

A p o l l o  type payload, w i t h  an a c t i v e  pro to type  launch t ' scau 3 .;;,-s'; 1'1, 

i s  Leins  ''lawn for the second time. 

T h i z  Lwo-stage veh ic l e  can p lace  i n t o  low Earth crbit more t k i a  

00,i 00 j m i i n r J s  c?i' use fu l  paylozd. The t o i a i  weight Co be o rb i t c ; l  -2;- 

SA-7 i s  much g r e a t e r  becausea l l  the v e h i c l e  except the booster GOC;: 

i n t o  o r b i t .  

Background - The Sa turn  I program grew out o f  stuciie:: mads. 

1957 by a group headed by Wernher von Braun. Initial s tudy  obJec- 

tiv;. :;as to demonstrate with ground t e s t s  the i ess ib! - l i ty  ~ 1 :  Giii 11 - 

ill:: a larze rocket us ing  a cluster of small, a v a i l a b l ?  ? : I - . ~ . I ~ C ~ : .  

Within little more than  a year ,  a f l i g h t  program, i i i c l u d i q  t h e  

Jevelopriient 01' high-energy upper s t ages ,  was started. 

The Saturn  I program has l e d  to the development 0;' t;io larLci> 

space vehicles, the  Sa tu rn  I B  and Sa turn  V. The Saturn I, w i t 1 1  i L o  

l i m i t e d  c a p a b i l i t i e s  i n  the  Moon progpam, w i l l  n o t  be useJ TGP 

milimed Apollo I ' l i gh t s .  In October 1953, NASA cance l l ed  i'our clam, I 

l ' l i g h t s  p rev ious ly  a s s igned  to Saturn I. 
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-16- 

Saturn I B  uses  e s s e n t i a l l y  the  same f i r s t  s t age  a s  t h e  Saturn I, 

with up-rated H - 1  engines.  

pound-thrust  S-IVB, o r i g i n a l l y  scheduled f o r  use only as the t h i r d  

s t age  o f  t he  Saturn V &oon rocke t .  I t s  use on Sa turn  I B  i n c r e a s e s  

payload c a p a b i l i t y  by 50 per  cent .  

For i t s  second s t age ,  i t  uses  the 200,000- 

The Saturn I program w i l l  end with t h e  10th  f l i g h t .  Missions or" 

t h e  remaining th ree  veh ic l e s  w i l l  be t o  c o n t r i b u t e  to development 

o f  t he  Saturn I B  and Sa turn  V; t o  launch unmanned Apollo b o i l e r p l a t e  

command and se rv ice  modules; and t o  p lace  i n t o  Earth o r b i t  large 

s a t e l l i t e s  t o  d e t e c t  t h e  presence and s i z e  of meteoroids  i n  nea r  

space.  

S - I  STAGE DESCRIPTION -- sA-71~ f i r s t  s t age ,  the  S - I ,  is a 

1.5-mil l ion-pound-thrust  boos te r  21-1/2 f e e t  i n  diameter  and 80 

f e e t  long. 

Eight  H - 1  engines  burning l i q u i d  oxygen and kerosene (RP-l), 

each developing 188,000 pounds t h r u s t ,  a r e  mounted i n  the  b o a t t a i l .  

area t o  g ive  the s t a g e  a t h r u s t  o f  1,504,000 pounds. 

I n  the  f i r s t  fou r  Sa turn  I launches,  the H - 1  engines were 

ope ra t ing  a t  165,000 pounds t h r u s t ,  g iv ing  the  s t a g e  a t o t a l  thrust 

c f  only 1.3 mi l l i on  pounds. 

p ropuls ion  system at i t s  designed r a t i n g .  

changes necessary t o  i nc rease  performance were p r imar i ly  changes 

SA-5 was t h e  f i r s t  f l i g h t  t e s t  of the 

The few i n t e r n a l  engine 
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which inc reased  the  flow r a t e  o f  p r o p e l l a n t s  i n t o  the  combustion 

chamber. Rocketdyne, H - 1  engine developer ,  i s  p r e s e n t l y  up ra t ing  

the H - 1  t o  opera t e  a t  200,000 pounds t h r u s t .  

The four  inboard engines a r e  mounted r i g i d l y  t o  the t h r u s t  

s t r u c t u r e ,  i n  a square p a t t e r n  around the veh ic l e  c e n t e r l i n e  and 

a r e  canted outward a t  a three degree angle .  The outboard engines  

(six degree c a n t  ang le )  are gimbal-mounted t o  permi t  p o s i t i o n i n g  

for c o n t r o l  purposes  dur ing  first stage powered f l i g h t .  

Nine tanks  feed the  H-1  engines.  Clus te red  around a large 

c e n t e r  tank  105 inches  i n  diameter  ( J u p i t e r  s i z e )  are e i g h t  70 
i nch  diameter (Redstone s i z e )  tanks.  The c e n t e r  tank  and fou r  o u t e r  

ones con ta in  l i q u i d  oxygen and t he  remaining ( a l t e r n a t i n g )  fou r  hold 

RP-1  f u e l .  

i n  two spheres a t o p  fuel tanks; the LOX tanks  a r e  p re s su r i zed  by 

gaseous oxygen obtained by passing LOX through h e a t  exchangers that  

a r e  pa r t  of  each engine package. 

The f u e l  tanks  are p res su r i zed  by gaseous n i t rogen  c a r r i e d  

All Block I1 veh ic l e  p r o p e l l a n t  tanks have been lengthened t o  

hold some 100,000 pounds of  a d d i t i o n a l  p r o p e l l a n t s .  A t  l i f t o f f ' ,  

the s t a g e  con ta ins  about  600,000 pounds o f  LOX and 250,000 pounds 

of RP-1. Each engine uses  737 pounds of  p r o p e l l a n t  per second. 

The s t a g e  consumption per second i s  5,900 pounds. 
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S-Its s p i d e r  beam a r e a  s t r u c t u r a l l y  suppor ts  t h e  forward end 

of  the stage, adap t s  t h e  s t age  t o  t h e  S-IV s t a g e  and t r a n s m i t s  

t h r u s t  t o  the S-IV. The beam a l s o  provides  mounting f o r  r e t r o -  

rocke ts , ,  f i l m  and t e l e v i s i o n  cameras, a l i q u i d  oxygen/solid oxygen 

(LOX/SOX) d i s p o s a l  system ( f o r  t he  S-IV engines)  and var ious  mea- 

s u r i n g  components. 

The LOX/SOX d i s p o s a l  system prevents  u n i n t e n t i o n a l  de tona t ion  

of cool-down l i q u i d  o r  solid oxygen, which f a l l s  from the thrust 

chambers of  t he  S - I V  stage engines dur ing  t h e  chil ldown per iod 

p r i o r  t o  engine i g n i t i o n .  Gaseous n i t r o g e n  i s  piped from s t o r a g e  

tanks  through s i x  d i s p e r s a l  manifold r i n g s  i n t o  t h e  RL-10 t h r u s t  

chamber a reas .  T h i s  gas keeps the  LOX from f r e e z i n g  during c h i l l -  

down and a l l o w s  gaseous oxygen t o  escape i n t o  the atmosphere. 

E ight  t a i l  f i n s  ( f o u r  l a r g e  and four s t u b s )  on the  S- I  pro-  

v ide  support  and hold-down p o i n t s  f o r  launch and inc rease  aero-  

dynamic s t a b i l i t y  dur ing  f l i g h t .  Span of  the large f i n s  i s  about  

40 f e e t .  

Eight  S - I  s t a g e s  were assembled and t e s t e d  by the  Marshall 

Center.  The o t h e r  two, S-1-8 and S-1-10, and a l l  f i r s t  s t a g e s  for 

the  Sa turn  I B  a r e  being produced by the Chrysler  Corp., a t  Mar- 

sha l l ' s  Michoud Operations,  New Orleans.  
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SA-7's f i r s t  s t age  was assembled, checked o u t  and s t a t i c  f i r e d  

a t  Marshall before  being shipped t o  Cape Kennedy for e r e c t i o n ,  

mating t o  the upper po r t ions ,  and launch. 

S- IV SECOND STAGE -- The S-IV s t a g e  i s  powered by s ix  P r a t t  

and Whitney RL-lOA3 engines  developing a t o t a l  of 90,000 pounds 

t h r u s t  . The engines burn l i q u i d  hydrogen and l i q u i d  oxygen, a 

high-energy combination which produces more than one- th i rd  

more t h r u s t  p e r  pound o f  p r o p e l l a n t s  than  convent ional  f u e l s .  

S-IV i s  18-1/2 f e e t  i n  diameter,  41-1/2 f e e t l o n g  and weighs 

some 14,000 pounds empty. It c a r r i e s  about  100,000 pounds of pro-  

p e l l a n t  for about  e i g h t  minutes o f  p rope l l ed  f l i g h t .  Douglas 

A i r c r a f t  Co. manufactures the  s tage  at Santa  Monica, C a l i f . ,  and 

t e s t s  it a t  Sacramento. 

The S-IV i s  a se l f - suppor t ing  s t r u c t u r e  designed t o  permit  

ground handl ing without  p re s su r i za t ion .  Bas i ca l ly ,  i t  i s  a two- 

s e c t i o n  tank s t r u c t u r e  w i t h  an in su la t ed  common bulkhead d i v i d i n g  

i t  i n t o  a forward LH2 tank and an a f t  LOX tank. 

Unusual techniques used i n  the S - N  s t a g e  inc lude  the  common 

bulkhead, i n t e r n a l  i n s u l a t i o n  i n  the LH2 tank,  a helium h e a t e r ,  

s t o r i n g  helium gas i n  t i t an ium b o t t l e s  immersed i n  t he  LH2 fuel 

and a new system to c o n t r o l  p rope l l an t  use.  
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The common bulkhead i s  made by bonding f i b e r g l a s s  honeycomb 

between two aluminum domes to form a r i g i d  "sandwich." The bulk-  

head minimizes heat l o s s e s  from the  LOX (-297 degrees  F) to the  

LH2 (-423 degrees  F ) .  

The extremely low b o i l i n g  p o i n t  o f  LH2 r e q u i r e s  t ha t  t he  f u e l  

tank  be i n s u l a t e d  t o  minimize loss through b o i l - o f f .  I n s i d e  s u r -  

f a c e s  o f  the  LH2 con ta ine r  have i n s u l a t i o n  bonded t o  the walls. 

Helium gas  which p r e s s u r i z e s  the  LOX tank  du r ing  f l i g h t  i s  

s t o r e d  a t  LH2 temperature  to save weight. Also, t he  t i t a n i u m  

b o t t l e s  have improved material p r o p e r t i e s  a t  t h i s  low tcmperature .  

The helium i s  passed through the helium h e a t e r  to h e a t  and expand 

i t  before  i n  t roduc ing  it i n t o  the  LOX t ank ,  

The helium h e a t e r  was t e s t e d  on SA-5 and SA-6. An e x t r a  

helium supply system, weighing about 1,000 pounds, was added t o  

the s t a g e  as a backup i n  case  o f  heater malfunct ion.  With heater 

performance v e r i f i e d ,  t h e  e x t r a  system has been removed from SA-7 

and subsequent veh ic l e s .  

The RL-10 engine i s  the c o u n t r y ' s  p ioneer  LH2 power p l a n t .  

Its des ign  was begun by P r a t t  and Whitney Div is ion  o f  United A i r -  

c r a f t  Corp. i n  1958. Although i t  underwent i t s  f i r s t  in-space 

o p e r a t i o n  only l a t e  i n  1963, ground t e s t i n g  t o  an unusual  degree 

has shown i t  t o  be a r e l i a b l e  engine.  The engines  f'unctioned w e l l  

i n  Sa turn  f l i g h t s  SA-5 and SA-5. 
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The RL-10 resembles o t h e r  engines e x t e r n a l l y  but i n t e r n a l l y  

i t  con ta ins  many advances. Most rocket  engines  use p r o p e l l a n t -  

burning gas gene ra to r s  t o  d r i v e  the pumps which feed p r o p e l l a n t s  to 

t h e  t h r u s t  chambers. 

The RL-10 e l i m i n a t e s  t h i s  cycle .  LH2 from t h e  pump e n t e r s  the 

coo l ing  j a c k e t  surrounding the  t h r u s t  chamber t o  cool  t h e  engine.  

Combustion temperature  i n s i d e  the  chamber i s  6000 degrees F. While 

cool ing  the engine,  t he  hydrogen i s  hea ted  and converted t o  very 

co ld  gas .  The gas  i s  then passed through a v e n t u r i  and expanded 

to d r i v e  t h e  tu rb ine  which furn ishes  power t o  pump more LH2 i n t o  the  

combustion chamber's cool ing  jacke t .  The t u r b i n e  also f 'urnishes 

power to pump the  LOX. 

S-IV's six engines ,  mounted on the  t h r u s t  s t r u c t u r e  and canted 

s i x  degrees  outward from t h e  v e h i c l e ' s  c e n t e r l i n e ,  can be gimbal led 

through about  four  degrees  i n  response to s i g n a l s  from t he  guidance 

and c o n t r o l  system. 

Instrument  Unit  -- The SA-7 v e h i c l e ' s  s t a b i l i t y  i s  maintained 

and i t s  f l i g h t  pa th  a l t e r e d  by changing the  t h r u s t  d i r e c t i o n  of  t h e  

S-1 ' s  fou r  outboard engines or the  s ix  engines  o f  t h e  S-IV. Com- 

mands for engine gimbal l ing and i n f l i g h t  sequencing of veh ic l e  sys -  

tems o r i g i n a t e  i n  t he  instrument  u n i t  ( I U )  . 
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The I U ,  loca ted  between the  S - N  and t h e  payload, has f i v e  

temperature and p res su re  c o n t r o l l e d  a r e a s  for environmental  con- 

t r o l  o f  the e l e c t r i c a l / e l e c t r o n i c  equipment. 

i s  about  91 inches with an ou t s ide  f a i r i n g  58 inches  high.  The 

Its o v e r a l l  h e i g h t  

154-inch diameter u n i t  weighs some 5,400 pounds. 

The I U  houses the  veh ic l e  guidance and c o n t r o l  system, seven 

t r ack ing  subsystems, fou r  te lemet ry  subsystems, the  power supply 

and d i s t r i b u t i o n  system, the cool ing  system and t h e  gaseous n i t r o -  

gen a i r  bearing supply system. 

Four 40-inch diameter  tubes arranged a t  90 degrees  around a 

v e r t i c a l  70-inch diameter  hub make up t h e  envi ronmenta l ly-cont ro l led  

p o r t i o n s  o f  t he  I U .  Most of  the  ins t ruments  a r e  housed wi th in  

the  f i v e  tubes .  The antennas,  horizon sensors  and the  umbi l i ca l  

pane l  f o r  u s e  i n  ground checkout and s e r v i c i n g  a r e  on the  o u t s i d e  

sk in .  The l i q u i d  n i t rogen  cool ing system i s  a t t ached  to the i n s i d e  

of t he  s t r u c t u r e .  

SA-7ls guidance and c o n t r o l  system w i l l  n o t  adhere t o  a p re -  

determined t r a j e c t o r y  i n  the  p i t c h  plane but  w i l l  adapt  i t s e l f '  

to f l i g h t  condi t ions .  The system c o n s i s t s  of t h e  ST-124 s t a b i l i z e d  

p la t form,  the p la t form e l e c t r o n i c  box, guidance s i g n a l  processor ,  

d i g i t a l  computer, c o n t r o l  computer, c o n t r o l  s enso r s  and engine 

gimbal ing a c t u a t o r s .  
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On SA-7, t he  "c losed  loop" guidance func t ion  i s  pm-JidecJ. by 

t h e  combination of the  above components. The ST-90 stabilized. pia? 

form used on previous Sa turn  I f l i g h t s  i s  no longer  used. The new 

system w i l l  provide the timed t i l t  program ~ ; ? d  roll maneuver dur ing  

S-I  f l i g h t .  The guidance system w i l l  in t roduce  s i g n a l s  t o  s t e e r  

the  S-IV/Apollo i n t o  orbit. 

The LU a l s o  has two a c c e l e r o m t e r s  which a r e  used t o  measme 

t h e  v e h i c l e ' s  l a t e r a l  movement i n  the p i t c h  and yaw planes  dur ing  

the  p a r t  of S-I  f l i g h t  when s i g n i f i c a n t  at2rodynamic f o r c e s  e x i s t .  

Tinis i s  t o  bias t h e  veh ic l e  i n t o  t h e  wind d i r e c t i o n  and reduce 

engine swivel  angle  and angle-of-at tack,  thereby reducing s t r u c t u r a l  

loading.  These devices  were f'irst used on SA-4, r ep lac ing  the l o c a l  

angle-of -a t tack  meters  used previously. 

Severa l  o t h e r  systems flown on SA-!+, SA-5, and SA-6 a r e  being 

tested again,  inc luding  a r ada r  a l t i m e t n r  and a Q - b a l l  t ransducer .  

Seven on-board t r ack ing  systems w i l l  incl.1-ide subsyskrns thal; 

are used i n  determining t r a j e c t o r y  fora  range s a f e t y  purposcs  and 

f o r  veh ic l e  performance eva lua t ion .  

Two of fou r  te lemet ry  systems housed i n  the I U  art? paralleleJ 

with a tape  r eco rde r  which w i l l  r ecord  signals r31-u~in,'l; S-I/.S-ZV 

s e p a r a t i o n  f o r  l a t e r -  t ransmission t c J  p o u r 1 r . i  :> tat ion;;  In x ld i  k i o r i  r ; c  

t h e  usua l  t ransmiss ion  t o  ground s t a t i o n s .  

-more - 
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SA-7 3Tansporta;hc - -  A l l  maja: s e c t i o n s  or” a e  SA-7 ; rc i r iz le  

a r r l v e d  a t  Cape Kennedy ir, June. The boos te r  an6 ITJ made the  2,SGO 

74 .,,-le 4 t r i p  t o  $:*e Cast s’!v?a;n~. t h e  IJarshali Csnter  barze t I  P ~ o n i s 3 . ~ ~  

ni ifie S - I V  s tage   as flown from the  Douglas t e s t  f a c i l i t y  a t  Sacra-  

mento, Calil”,, aboard a modified S t r a t o c r u i s e r  known as t h e  
“Pregnant  Guppy. ! I  

The Apollo spacecraft ,  b o i l e r p l a t e ,  complete w i t h  launch escape 

system anG r e l a t e d  ground s e r v i c e  equipment and inser t /ad.apter ,  

idas florin $0 Florida abcard the “Guppy!’ and A i r  Force p lanes  from 

t h e  p lan< of Horth American Aviat ion,  Inc . ,  Downey, Cal i f .  

LAUNCHING THE SA-7 

SA-7  +Jill be launcned from Pad B Complex 37, marking the  

>---ipC 5Lr;ln ‘2:~ pad has been used i n  a Sa turn  I launching. It was 

::Y;T insclc! f c ~  +,he 1 2 1 ~ n ~ h  of  SA-5 on Jan .  29, 19@. 

The EO-acre launch f a c i l i t y  has  two launch pads,  des igna ted  

X and B, l o c a k d  1,2383 ?eeb apart, Eacn pad has its o m  wnbiliC3.1 

tower, launch p e d e s t a l  and automatic  ground c o n t r c l  s t a t i o n .  B o t h  

a r e  served by a coumon launch c o n t r o l  c e n t e r  and 3 2 2 - f o o t  tall, 1C 

m i l l i o n  pound s e r v i c e  s t rue  ture .  ’i 
-rnO”P - 
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The launch c o n t r o l  c e n t e r  i s  1,000 f e e t  away from the pads. 

About 250 persons w i l l  be i n  the launch c o n t r o l  c e n t e r  du r i r i s  tlie 

launch. Included w i l l  be personnel  of the  Kcnnecly Space Center,  

the  Narshall Space F l i g h t  Center, t he  Manned Spacecraf t  Cen'wr ana 

c o n t r a c t o r  personnel.  

The SA-7 w i l l  be launched from a p e d e s t a l  47 f e e t  square which 

has  i n  its c e n t e r  a 12-sided, 32-loot-diameter  I-ing to al low tlle 

escape of rocke t  exhaust  during launch. 

Complex 37 has a complete f u e l  s t o r a g e  and t r a n s l e r  system 

f o r  both l i q u i d  oxygen/RP-1 engines and l i q u i d  oxygen/llquid hguro- 

gen engines.  

Other f a c i l i t i e s  on the complex inc lude  a 125,000-gallon i'ucl 

s t o r a g e  u n i t ;  a 28,000-gallon RP-1 r ep len i sh ing  tank and a 1 2 ~ ~ , G U t , -  

g a l l o n  l i q u i d  hydrogen s torage  tank. 

Launch P repa ra t ions  - The f i r s t  s t a g e  o f  the  SA-7 a r r i v e d  a t  

Cape Kennedy June 7 and was erec ted  June 9. The second s tage 

a r r i v e d  June 12 and was erec ted  June 19. The Apol lo  spacecra i ' t ,  

whose components were shipped t o  the  Cape over a per iod o f  s c v e r a l  

days,  was mated with the  rocket  June  26. 

Ear ly  prepdra t ion  of the  i n t e g r a t e d  launch veh ic l e  includc 

r a d i o  frequency t e s t s ,  a f u l l - s c a l e  s imulated f l i g h t  test, and 

tanking t e s t s .  The S-I  i s  scheduled to be loaded w i t h  RP-1 3x1 (11: 

T-2 days.  
,/' 

-more- 
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The countdown for SA-7 w i l l  begin on T-1  day and w i l l  be about  

17 hours, 15 minutes long. The f i r s t  p a r t  o f  the count  w i l l  be 

about  8 hours ,  the  second part, 9 hours  p lus .  

The f i n a l  phase of t he  countdown begins  a t  T-70 minutes  and 

i n c  lude s : 

T-35 minutes -- l i q u i d  hydrogen loading S-IV complete 

T-25 minutes -- r a d i o  frequency systems on 

T-24 minutes -- t e l eme te r s  on 

T-20 minutes -- C-Band, Mistram and ODOP on 

T-15 minutes -- Range Sa fe ty  command t r a n s m i t t e r  on 

T-13 minutes -- f i n a l  phase i n t e r n a l  power t e s t  begins  

T-10 minutes -- t e lemet ry  c a l i b r a t i o n  

T- 5 minutes -- i g n i t i o n  arming on 

T- 4 minutes -- Range c learance  

T- 3 minutes -- arm d e s t r u c t  system 

T- 2 minutes,  33 seconds -- f i r i n g  command, automatic  

T- 3 seconds -- i g n i t i o n  

sequence begins  

T- 0 L i f t -o f f  

-End - 


